SUMMARY Of 212 patients with duodenal ulcer treated with four weeks of one gram daily cimetidine, 25 had ulcers which underwent no reduction in size despite treatment. The effects of tripotassium dicitrato bismuthate (TDB) tablet four times a day or cimetidine 1 6 g daily on the healing of these cimetidine resistant ulcers were compared in a randomised crossover trial. Ten of 12 patients on tripotassium dicitrato bismuthate and five of 13 patients on high dose cimetidine had complete healing (p<0O02). On crossing over, seven of the eight ulcers not healed by high dose cimetidine completely healed with TDB in another four weeks, and one of the two ulcers not healed by TDB healed with high dose cimetidine. Overall, TDB healed 85% of cimetidine resistant ulcers, whereas high dose cimetidine healed 40% (p<0.006). Tripotassium dicitrato bismuthate is recommended for cimetidine resistant duodenal ulcers. 
SUMMARY Of 212 patients with duodenal ulcer treated with four weeks of one gram daily cimetidine, 25 had ulcers which underwent no reduction in size despite treatment. The effects of tripotassium dicitrato bismuthate (TDB) tablet four times a day or cimetidine 1 6 g daily on the healing of these cimetidine resistant ulcers were compared in a randomised crossover trial. Ten of 12 patients on tripotassium dicitrato bismuthate and five of 13 patients on high dose cimetidine had complete healing (p<0O02). On crossing over, seven of the eight ulcers not healed by high dose cimetidine completely healed with TDB in another four weeks, and one of the two ulcers not healed by TDB healed with high dose cimetidine. Overall, TDB healed 85% of cimetidine resistant ulcers, whereas high dose cimetidine healed 40% (p<0.006). Tripotassium dicitrato bismuthate is recommended for cimetidine resistant duodenal ulcers. Thus the 25 patients underwent an initial endoscopy and the above tests, were then given the standard dose of cimetidine at the ulcer clinic for four weeks, and were found afterwards at reendoscopy to have a resistant duodenal ulcer. Their drug compliance for cimetidine was 94-6±0-5%. They were then randomised to either (1) tripotassium dicitrato bismuthate (Gist Brocades), one tablet to be chewed and swallowed half an hour before breakfast, lunch, and supper, and at bedtime, or (2) cimetidine (Smith, Kline & French Laboratories) orally 400 mg three times a day with meals and 400 mg at bedtime. Endoscopy was again performed after four weeks of outpatient treatment. If the ulcer was healed -that is, its base completely disappeared with or without residual inflammation (usually hyperaemia or granularity) -the study was ended. If the ulcer was not healed, the patient was crossed over to the other form of treatment for another four weeks, and reassessed subsequently by endoscopy. No other medications were given during the study period. Compliance was ascertained by recording the number of any remaining tablets in the returned bottle at the end of each treatment period. Each patient was given a diary card, on which the number of day time and night time pain episodes and their severity (mild, moderate, or severe) were recorded.
The endoscopist was not aware of the clinical data and any previous endoscopy results. The longest diameter was estimated using the tips of the biopsy forceps. Each patient was examined by the same endoscopist throughout the stud.
Analysis of variance and X test with Yate's correction'( were used, and p values of less than 0-05 were considered significant.
Results
There were no significant differences between the TDB treated and cimetidine treated patients with respect to the clinical, personal, physiological, and endoscopic characteristics listed in Table 1 . No patient defaulted, and drug compliance was 91 8±0 5% and 93*2±0 4% respectively for the TDB groups and the cimetidine group. Compared with cimetidine, TDB resulted in significantly more healing but not symptomatic improvement in the initial four weeks of treatment and in the overall assessment after eight weeks of treatment (Table 2) .
Discussion
Previous reports on cimetidine non-responders did not specify whether the ulcer size remained stationary despite treatment.3 It is possible that some of these ulcers became smaller at the end of the short term treatment, and should be more appropriately called slow responders. This study reports a series of duodenal ulcers the size of which remained unchanged after four weeks of one gram daily cimetidine; the mean ulcer diameter was in fact slightly larger afterwards. This series, therefore, are more likely to represent the truly cimetidine resistant ulcers. Such ulcers are uncommon and occurred in 11 8% of our duodenal ulcer population.
Increasing the dose of cimetidine to 1-6 g daily healed only about 40% of such cimetidine resistant ulcers, whereas the use of TDB tablets healed over 80%. The results of the subsequent crossover study further supports the efficacy of TDB, which again healed over 80% of the patients who did not respond to high dose of cimetidine. Overall, TDB achieved over 85% of success in cimetidine resistant patients, whereas increasing the dose of cimetidine achieved only about 40%, and the difference was statistically significant. It is to be noted that 1*6 g daily cimetidine is a particularly high dose for Chinese patients, since 0.5 g daily dose was shown to have identical acid inhibition and efficacy as the 1 g daily dose in these patients."
Short term TDB is known to heal approximately 70% of duodenal ulcers. 5 The effectiveness of TDB in cimetidine resistant ulcers as shown in this study has important implications. Firstly, this suggests that acid inhibition is not important in the healing of such ulcers, as they represent cimetidine failures and TDB is not an antacid. Tripotassium dicitrato bismuthate forms a microscopic layer of bismuth which adheres to the base of an ulcer for at least six hours, and attracts a large influx of macrophages to the ulcer edge.b The bismuth layer may insulate the ulcer from the aggressive peptic force in the bowel lumen. The role of the macrophages, which are known to be important in wound healing,'2 is as yet unknown. The exact mechanism of TDB in ulcer healing deserves further investigation. Secondly, this study also suggests that cimetidine resistant duodenal ulcers may be regarded as a subgroup of duodenal ulcers with separate pathophysiology. It is now generally recognised that the physiologic abnormality of duodenal ulcer is heterogeneous. 13 We have reported in a separate paper that patients whose ulcers do not heal by standard doses of cimetidine are more often cigarette 
